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INTRODUCTION 
The treatment of wastewater to  alleviate our fre sh -
water ne e ds and prote c t  th e environment a t  a reas onable c os t  
i s  a ma j or problem in th e world today . The appli cati on of 
partially-treated was tewater to  the land may be one me thod 
of s olving thi s problem . Land applicati on is nei ther a new 
c onc ep t , nor one that will s olve all trea tment problems, 
.. 
but i t  i s  likely t o  play an ever-increasing r ole in water 
p olluti on c ontrol planning 
-
(1 ) .  
Publi c  Law 92 -50 0  (2 ) ,  whi ch calls  f or substantial 
impr ovements in the quali ty of water di s c harged by muni ci ­
pali ti e s  and industri e s , i s  the underlying imp e tus  f or the 
expe c te d  increase in the p opulari ty of land appli c ati on . 
For muni c ipal i tie s ,  the deadline s se t by PL 92 -500  include 
the use  of s e c ondary treatment by July 1 ,  1 97 7  and "be s t  
prac ti cable " treatment by July 1 ,  1 983; f or i ndus try , "be s t  
prac ti cable" te chnology by July 1 ,  1 977  and " be s t  available " 
te chnology by July 1 ,  1 983 would be required . · In addi ti on , 
all sewage treatment plants mus t  mee t  wat e r  quali ty s tand ­
ards , treatment s tandards , or c ompliance s ch e dule s  e stabli sh-
e d  by the Environmental Prote c ti on Agenc y  (EPA ) or a State 
by July 1 ,  1 9 7 7  (2 ) . 
Me e ting the effluent standards and deadline s of PL 
92 -500 i s  going to require additi onal treatment and expense 
for mos t  di schargers . Land applicati on of was te water has 
the p otential f or s olving many of the treatment ne e ds at 
a reas onable c os t .  Additi onally . i t  may be par t i cularly 
adap table to the small di s charger utili z ing a lago on or 
stabili z ati on p ond f or treatment . 
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A re cent publicati on ( 3 )  s tate s that in 1 968  there 
were 345 7  muni cipaliti e s  in th e . Uni ted State s s erved by 
s tabili z ati on p onds . Thi s treatment me thod i s  being used  
by  573 c ommuni ti e s  in the North and South Dakota , Minne sota ,  
and I owa area ( 3 ) . Neverthele ss , " I t  i s  generally re c og­
ni z e d  that ne i ther s tandard oxidati on lago ons nor aerated 
lagoons by themse lve s will be able to  achieve the require d 
level of treatment " ( 4 )  • 
Because  the federal government provi de s much of the 
money f or improving wastewater treatment fac i li tie s t o  
me e t  the future di scharge requirements and deadline s ,  the 
EPA mus t  be a s sure d that the money i s  spent i n  the be s t  
p os sible manner .  In November ·, 1 9 74 John Quarle s ,  Deputy 
Admini s trator of the EPA , s tre ssed  that thi s agenc y  must  
d.o a be t ter j ob of as suring that land appli cati on is  given 
full c onsi de rati on for treatment of was tewater in proje cts  
funde d with federal grants . Quarle s als o  sai d , " Land 
appli cati on of was tewater i s  prac tic e d  suc c e s sfully and 
extensively in the Uni ted State s , "  and provi de d that the 
use  of land treatment i s  shown to  be the mos t  c os t -effe ctive 
J 
alternative , non-de trimental to  the environment , and in  
other aspe c ts sati sfi e s  appli cable requirement s , then " the 
Re gi on should ins i s t  that land treatment be u s e d  and should 
refuse to fund proje c ts using other sys tems of was te 
treatment " ( in .5) • 
The u s e  of s oil  as a treatment media  has been evaluat -
e d  i n  o ther inve s tigati ons a t  South Dako ta State Universi ty 
( SDSU) ( 6 , 7 , 8 , 9 ) .  The se s tudi e s  have shown that the s oil 
has the abili ty to  pr oduce  a treate d water  of exce llent 
quali ty , and has a defini te p otential f or help ing t o  me e t  
di scharge requirements .  Although none o f  the s e  s tudi e s  
involved a basin- type pilot  uni t c ons tru c te d  t o  repre sent 
ac tual operating c onditi ons , Druyve ste in ( 6 )  di d analyz e 
sample s of drainage from tile s surr ounding s tabili zati on 
p onds , and Tiltrum ( 8 )  use d was tewater from the Brookings 
stabili z a ti on p ond in lysime ter studi e s .  The p i l o t  uni t 
u se d  in thi s s tudy was c ons truc ted after the lysime ter 
s tudy t o  obtain a be tter e s timate of the func ti on of s oil 
as a treatment s ys tem under ac tual c ondi ti ons . 
�fter preliminary di s cu s si ons about a p os s ible p i l o t  
study , Dr . Dornbush of SDSU was c ontacted  c oncerning a 
survey of the Bro okings was tewater treatment plant by 
pers onne l of the EPA and the South Dako ta Department of 
Environmental Prote c ti on ( DEP ) . 1 The EPA-DEP rep ort of 
1 Le tter f orm the Br o okings Utili ti e s  Department ,  
Oc t ober 1 5 ,  1 9 73 .  
that surve y s tated that the Brookings effluent c ontained  
exce s s ive amounts of  suspended s olids and c oliforms , and 
would not  meet the·1 9 77 di s charge s tandards . The rep ort 
als o  re c ommende d  that a s tudy be made to de termine the 
neces sary plant improvements to meet the s tandards . The 
Bro okings Utili ti e s  Department , being enc ourage d by the 
re sults  of Ti ltrum's study ( 8 ) , then expres se d intere s t  
i n  parti cipating i n  a larger scale pilot  s tudy and offere d 
to  provide land for  the pilot  uni t and also t o  ass i s t  in 
i ts c ons truc ti on and operati on . 
The Water Re s ource s Insti tute at SDSU sp ons ored  the 
proje c t  in i ts ini tial year of 1 9 74 . During thi s time 
much of the c ons truc ti on of the three  infiltrati on­
perc olati on bas ins was c omple te d . The EPA then provi ded 
funding in 19 75  and the uni t be gan operati on i n  June of 
that year . 
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The areas of inve s ti gati on were divide d into several 
parts . The ob j e c tives of this p orti on of the pro jec t were : 
1 .  t o  de termine the ability of the infiltrati on­
p er c olati on pil o t  uni t t o  produce  an effluent 
that will sati sfy present and future effluent 
s tandards  in terms of bi ochemical oxygen demand , 
suspende d s olids , ammonia ni trogen , and fecal 
c oliforms . 
2 .  t o  c ompare effec ts of the type of bas in surface 
and hydrauli c  l oading rate on the quality of the 
renovated water . 
5 
Other are as of the EPA proje ct included: de terminati on 
of the hydrauli c  l oading rate s ac cep table to the s oil , de­
terminati on of the ni trogen and phosphor ous removal acc omp ­
lishe d  wi thin the s oil, and e s tabli shment of limitati ons 
of the s ys tem due to climati c  c ondi ti ons . 
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LITERATURE REVIEW 
Infi ltrati on-perc olati on i s  define d  a s  "an approach 
to land appli cati on in whi ch large volume s of wastewater 
are applied  to the land , infiltrate the surface ,  and per­
c olate thr ough the s oil  p ore s " ( 1 0 ) . Sinc e most of the 
water appli e d  eventually reache s the groundwater , thi s 
method of treatment i s  frequently referre d t o  as  ground­
water r e charge . Infiltrati on-perc olati on s ystems have be e n  
studi e d  at many l o cati ons . The obje ctive of thi s  literature 
review i s  to e valuate s ome of the s e  studie s  to obtain 
informati on of value in c onducting this p i l ot study and 
evaluati ng the data c olle cte d  during its op erati on . 
Factor s  Influencing Infiltrati on-Perc olati on 
There are many factors to be c onsidere d in the de s ign 
of an infiltrati on-perc olati on system . Some of  the se  fact­
ors include s oil  type , s oil  profile , hydrauli c  l oading 
rate , organi c loading rate , length of flo oding and drying 
peri ods , typ e of basin surface , groundwater elevati on, 
locati on of exi sting wells , climate , c o st c ompari s ons , 
pretreatment given the wastewater ,  and obje ctive s of the 
treatment . 
The obje ctive s of most systems will be to treat the 
wastewater s o  that the e ffluent will me et di s charge stand ­
ards  or be suitable f or groundwater re charge . The artifi cal 
re charge of aquifiers i s  practiced  suc ce s sfully in  the 
United State s as  well as in other c ountrie s  ( 1 1 ) ·, and may 
be the main obje ctive of infiltrati on-perc olati on sys tems 
pre sently in use . The number of systems using thi s  treat­
ment method  f or me eting di s charge standard s  will like ly 
increase in the future as  the new standard s  be c ome e ffe c ­
tive . In both cas e s, s e c ondary treatment i s  usually 
require d to prevent clogging of the s oil, as sure maximum 
hydrauli c  ac c eptance by the system , improve the quality of 
the renovate d water , and help provide prote cti on of the 
groundwater (1 0 , 1 2 ) . 
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The quality of the applie d  water , the hydrauli c  ac ­
ceptance by the system, and the ability of  the sy stem to 
treat the water at a high rate of appli c ati on are imp ortant 
in determining land requirements . Hydrauli c  l oadi ng rate s 
from 4 to 1 20 inche s per we ek have been u s e d  with 
infiltrati on-p erc olati on treatment ( 1 0 ) . The application 
rate i s  dependent on the s oil  type and profile . A s oil  
that i s  well draine d and has a hi gh infiltrati on rate is  
de sirable f or a superi or hi gh-rate infiltrati on-p e rc olati on 
system (1 3 , 1 4 ) .  Highly_permeable s oils  such as sands, 
l oamy sand s , or sandy l oams are be st suite d f or thi s  type 
of system (1 0 ) . 
The organi c l oading rate must als o  be c onsi de red . 
Organic overl oading can cause  damage to ve getati on, 
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clogging of the s oil , leaching of organic s t o  the ground­
water , development of anaer obic c ondi ti ons , and redu c ti on 
in the treatment e ffi ciency ( 1 , 1 0 )  • . Bouwer  ( in 1 3 ) rep ort ­
e d  BOD l oadings o f  45 lb/acre/day using se c ondary e ffluent , 
while Thomas  (in 1 )  c ited a loading of 2 5  lb/acre/day at 
whi ch de c omp osi ti on will approximate ly balance . organi c 
matter ac cumulation . P ound and Cri tes ( 1 0 )  sugge s ted  
l oadings from 7400 lb/acre/year ( 20 lb/acr.e/day) f or silty 
s oil  up t o  60 , 0 0 0  lb/acre/year ( 1 64 lb/acre/day) f or sandy 
s oil  bas e d  on BOD5• 
Onc e  the sys tem i s  in operati on , clogging of the s oil 
can reduce  the infiltrati on rate and useful life of the 
s i te , and therefore should be avoided ( 1 0 , 1 4 ) . The main 
fac t or s  that cause clogging are c ompac ti on of the s oil by 
p onding water; washing down of fine s oil  parti cles; i on 
exchange , esp e cially when s odium repre sents  a high percent ­
age of the cati on c ontent; reducti on of the p ore space by 
depo s iting suspended s olids; reduction of th� p ore  space 
by bac teria  growing on entrapped  or diss olve d s olids; and 
the devel opment of slime s under anaerobic c ondi tions ( 1 4 ) .  
A c over crop i s  helpful in increasing and maintaining 
infil tra ti on rate s . The r o ot s truc t�re and r o o t  grow.th 
" tends  t o  expand the s oil and.promote dispersi on of 
clogging material " ( 1 0 ) . Ve ge tation als o  p r ovide s removal 
of water thr ough evap otranspirati on (1 J )  and of nutri ents  
through plant growth ( 10 ,  12 ) .  
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Ano ther c onsiderati on i s  the dep th t o  the groundwater . 
I t  i s  de sirable to  provide a minimum of 1 5  fee t t o  the 
groundwater to maintain high hydrauli c l oading rate s and 
effe c tive treatment . If the normal water table elevati on 
i s  le s s  than 1 0  fe e t, the re charge mound may interse c t  the 
groundwater surface  when fl o oding oc cur s  ( 1 0 ) . A di s tanc e 
of at leas t f our.fee t  should be maintained t o  the top of 
the recharge mound for effe c tive treatment ( 1 J ) . 
The c limate i s  als o  an imp ortant fac tor , e sp e c ially 
in northern areas where c old weather reduce s  the micr obial 
ac tivi ty in  the s oil  and causes  fre e zing of the appli e d  
water ( 1 0 ) . However, systems operated i n  the northern 
areas  of We s tby, Wi s c onsin ( 1 5 ) , and Lake Ge orge, New York 
( 1 6 )  have be en  operated satisfac torily in c old  weather 
wi th proper  operati on procedure s .  
Op timum fl o oding and drying peri ods  mus t  als o  be 
e s tabli she d f or a parti cular s i te to obtain de s ired  treat ­
ment and maximi z e  hydrauli c  capac i ty of the s ys tem . The 
amount of time ne e de d  for flooding and drying i s  dependent 
on the water quali ty ,  s oil, and climate of the s i te . If 
the flo oding oc cur s  for t o o  l ong a peri od, the only oxygen 
pre sent be c ome s the di s s olved  oxygen in  the water, whi ch i s  
l o st after a short depth of perc olati on . The drying p eri od  
i s  imp ortant be cause  aerobi c c onditi ons must be re e stab­
li she d for c ontinued oxidati on of the carbonace ous  and 
nitroge nous material s  removed from the appli e d  was tewater 
( 1 0 , 1 7) .  
The variabili ty of factors such as a suitable s oil  
type , hydrauli c  and organi c loading rate s ,  the type of 
basin c over , and the c orre c t  length of the flooding and 
1 0  
drying peri ods  depend on the site . To e stabli sh the proper  
operating proc e dure s , a pilot s tudy i s  e s se ntial . 
Bi ochemi cal Oxygen Demand Removal 
Bi ode gradable organi c s  that exert a bi o chemi cal oxygen 
demand ( BOD ) are removed by vari ous proc e s se s in the s oil . 
Suspende d  organic s  are remove d ini tially by filtrati on and 
later oxidi z e d  bacterially . Thi s removal i s  u sually acc omp ­
li she d i n  the top five to six inche s of the s oi l  ( 1 0 ) . 
Di s s olve d organi c s  are remove d ini tially by ads orpti on 
onto clay and humus material , and then oxi di z e d  by mi cro­
organi sms ( 7 , 1 0) .  Attracti on be twe en s oil  and di s s olved 
organi c s  can be due to . unlike e le c trost�ti c charge s , van 
der Waal's f orce s ,  or valanc e bonds ( 7) .  Morgan and 
Gilcreas ( in 1 4) f ound that 60 percent of the s oluble BOD 
was als o remove d in the t op ·five to  six inche s of s oil . 
The end products of the mi�robial de c omp os iti on are re ­
moved fr om the s oil in  the perc olating wate r , by plant ro ot 
up take , as evolve d gase s ,  and in le ss  c ommon ways ( 1 4 ) . 
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If all the oxygen in the s oil  and the appli e d  was te ­
water i s  u s e d  by the aerobi c organi sms t o  de c omp o s e  the 
applie d  organi c matter ,  c onditi ons be c ome sui table f or the 
growth of anaer obi c organi sms . Anaerobic organisms will 
ini tially de c omp os e  the organi c matter to bi ologi cal slime s , 
p olysac chari de s ,  and ferrous  sulfate ( 1 4 ) .  When inundati on 
cease s ,  the upper  layers of the s oil begin  t o  dry and 
aer obic c ondi ti ons gradually re turn . The aer obi c s oil  
organi sms then oxi di z e  any produc ts of  anaer obi c de c omp o­
s i ti on t o  carbon di oxide , water , and s oluble minerals ( 7 ) . 
The EPA in � r�c ent te chni cal bulle tin ( 1 3 )  rep orted 
expe c te d  BOD removal effi cienc i e s  of 85 t o  9 9  percent by 
infiltrati on-p erc olati on treatment . The s e  figure s are 
supp orted by the BOD removals shown in Table 1 .  
Table 1 
BOD Removals at Vari ous  
Infil trati on-Perc olati on Si te s 
BOD Remove d Sampling 
Locati on (�) Depth {ft� 
Flushing 98 30 
Meadows , Az .  
Hype rion , Ca . 90 7 
Lake Ge orge , 96 1 0  
N . Y .  
We s tby , Wi . 8 8  3 
Suspended  Solids  Removal 
Referenc e 
1 , 1 8  
1 
1 , 1 6  
1 , 1 5  
Th e  removal of suspended s olids i s  acc ompli shed almos t  
. entirely b y  filtrati on near th e surface  o f  the s oil  ( 1 0 ) . 
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The depth in the s oil  at whi ch the parti cle s are removed 
generally depends  on the s i z e  of the parti cle s . The larger 
parti cle s are remove d near the surface, while the smaller 
parti cle s pene trate deeper . As the suspended s oli ds . are 
filtere d .out the y  form bridge s be twe en  the s oi l  parti cle s ,  
bo th at the surface and wi thin the s oil profil e , that tend 
to  filter out the smaller suspende d s olids ( 7 ) . Rep orted 
susp ende d s o lids  removals at  different l ocati ons have 
usually range d from 9 8  t o  1 00 perc ent ( 1 , 1 0 ) . 
Ammonia Ni tr ogen Removal 
Mos t  of the ni trogen pre sent in the e ffluent of a 
typical sewage treatment plant i s  in the ammonia-ni tr ogen 
f orm ( 1 2 , 1 8 ) . Ammonia ( NH3 ) exi s ts with the ammonium i on 
( NH4
+ ) in a pH dependent equilibrium . Table 2 shows how 
increase s  in  pH affe c t  thi s relati onship . 
Table  2 
Percent NH3 is  of NH3 + N1-f4
+ 
at Different pH Value s  (?) 
7 
0 . 5  
8 
5 
9 
36 
1 0  
8 5 
1 1  
9 8 
Ammonia and ammonium may be remove d from the was tewater 
in the s oi l  by ads orpti on of ammonium to clay and organi c 
parti cle s, fixati on by clay and organi c . matter, as simila­
tion by mi crobe s , uptake by ve getati on , leaching to the · 
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groundwater , volatili zati on , or c onversion t o  ni trate s 
(1 2 , 1 8 ) .  
The amount of ammonium ads orbed onto ne gatively c harge d  
clay and organi c parti cle s depends  o n  the cati on e xchange 
capac i ty ( CEC ) of the s oil . The CEC depends on the amount 
and type of c lay and organi c material in the s oil . Mont-
morill onite  i s  a clay wi th a relatively hi gh CEC of 1 0 0 
milliequivalents (me ) /1 00 grams of s oil . Organi c material 
has a CEC of about 1 50 me/1 00 gm of s oi l  (1 2 ) . By knowing 
the perc ent of montmorillonite and organi c matter in the 
s oil , the ads orp ti on p otential of the s oi l  may be e s timated . 
Be cause  of the differenc e  in s oils , cati on e xchange c apac i ­
ti e s  vary fr om s i te t o  s i te (1 2 ) .  
The number  of cati ons in addi ti on t o  ammonium in the 
applied  water i s  al s o  imp ortant in de termining the amount 
of ammonium ads orbed .  Of particular imp or tanc e  are the 
calcium and magne sium i ons . The ammonium i on adsorp t i on 
rati o (AAR ) can be used  to  e stimate the p e r c e ntage of the 
CEC that can be oc cup i e d  by the ammonium i on. Thi s rati o 
i s  given by the formula : A.AR = [NHlt 1 , 
(! [ca+1 + ! [Mg++] ) 2 
wi th all c onc entrati ons in milliequivalents p er li ter ( 1 2 ) . 
Ammonium will be ads orbe d by the s oi l  until  the s oil 
be c omes saturate d with ammonium i ons . Ads orp ti on in i t se lf 
usually doe s not  acc ount for very much of the ammonium 
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removed be cause  the s oil  qui ckly be c ome s saturated wi th 
ammonium i ons ( 1 2 , 1 9 ) . The amount of ammonium ads orbed  
i s  imp or tant bec ause  i t  i s  oxidi zed  to  ni trate s by aut o ­
trophi c ni trifying bac teria under aer obi c c ondi ti ons 
( 1 7 , 1 8 ) . Thi s oxidati on usually oc curs duri ng the drying 
cycle ( 12 , 1.8 , 20 , 21 ) , and i s  one of the primary r e asons 
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that the c orre c t  length of fl o oding and drying p eri ods  i s  
imp ortant . Flo oding peri ods that are t o o  l ong will satur ­
ate the s oil  wi th ammonium and reduce the amount that can 
be ads orbe d ( 1 8 , 20 ) , while drying peri ods  that are t o o  
short will not all ow all the ammonium t o  b e  oxi di ze d  t o  
ni trate s ,  therefore reducing the number o f  ads orpti on sites 
that will be available for the next fl o oding ( 21 ) . The 
ni trifi cati on of ammonia to ni trate s ac c ounts f or most  of 
the redu c ti on in ammonia in an infiltrati on-perc olati on 
system ( 18 ) . 
Ammonia fixed by clay or organi c matter be c ome s s table 
and re si s tant t o  ni trifi cati on and crop removal . There ­
fore , fixe d ammonia can build up in the s oil  and p os sibly 
may saturate i t . The amount of ammonia remove d in thi s 
way vari e s  greatly fr om site to  s i te , but u sually will not 
be a s i gnifi cant amount ( 1 2 ) . 
Another me thod of ammonia removal i s  the a s similati on 
of ammonia by mi crobe s in the s oil . Many micr o organi sms 
are able to as simi late ni tr ogen into their  c e ll s  when 
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suffi ci ent organi c material i s  pre sent as a carbon s ourc e  
( 1 2 , 1 9 , 2 0 ) . The carbon/ni trogen rati o in mi crobial ti s sue 
varie s  from. 5 to 1 to 1 0  to 1 .  Therefore a c onsiderable 
amount of carbon must  be available to  remove ammonia by 
as similati on ( 20 ) .  Lanc e ( 1 2 ) e stimated that five to ten 
percent of the appli ed  ni trogen may be removed in thi s way . 
Other me thods of ammonia reduc ti on that probably 
acc ount f or a small amount of the ammonia removed are : 
the up take of ammonia by vege tati on ( 1 2 , 20 ) , l eaching of 
ammonia to the groundwater ( 1 2 ) , and volatili zati on of 
ammonia gas ( 1 0 , 1 2 , 1 8 , 20 ) .  Ni trogen i s  usually appli e d  in 
far greater amounts in an infi ltrati on-p e rc olati on sys tem 
than vege tati on i s  capable of using .  An up.take of 220  
p ounds/acre/year is  p os sible for alfalfa and r e e d  canary 
gras s h owever ( 1 0 ) . Leaching of ammonia t o  the groundwater  
would o c cur under anaerobi c c ondi ti ons , or  when  the soil  
doe s not  have a suffi ci ent CEC  to  ads orb all the  ammonium .  
Appre ciable volati li zati on of ammonia gas would oc cur only 
wi th a pH of 9 or above ( se e  Table 2 )  and then only wi th 
c onsiderable air -water c ontact  ( 1 2 ) . 
Infi l trati on-perc olati on treatment has be en shown to  
be  e ffe c tive in  re ducing ammonia c oncentrati ons t o  l ow 
leve ls wi th mo st  of the amm onia being c onverted  t o  ni trate s 
( 1 5 , 1 6 , 1 8 , 1 9 ) . Studi e s  at We s tby , Wi sc onsin showe d that 
an influent ammonia level of 20  mg/l was redu c e d  t o  4 . 4 mg/l 
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at a dep th of one foot  and 1 .0 mg/l at a dep th of two fe e t  
( 1 5 ) . Similiar s tudi e s  at Lake Ge orge, New York ( 1 6 )  and 
Flushing Meadows , Ari z ona ( 17 , 1 8) showed almos t  c omple te 
removal of ammonia at dep ths of 1 0  and JO fee t  rep e c tively . 
A� Whi tti er Narrows, California, more than 90 p e rc ent of 
the appli e d  ammonia was removed in the t op two fe e t  of s oil 
( 1 7 ) .  
The be s t  way t o  as sure the prote c t i on of the envir on­
ment i s  the re ducti on in the amount of t otal ni tro gen in 
the was tewater (1 2 ) .  If this  proce s s  i s  to  be achi eve d to 
8: signi fi cant de gree,  deni tri fi ca ti on of.  ni .tra te s to ni tr o­
gen gas mus t  be  acc ompli she d (1 2 , 20 ) . Deni trifi cati on 
occurs under anaerobi c c ondi ti ons by deni trifying bac teria 
wi th an adequate carbon s ource . The amount of carb on ne c ­
e ssary t o  the deni trifi ers · vari e s  wi th the carbon s ource , 
but usually i s  about 1 . 3 mg of carbon for every mg of 
ni trate ni tr ogen c onverted to  ni trogen gas (1 2) . Thi s 
amount of carb on i s  not generally available i n  the s oi l or 
the . appli e d  was tewater, however (1 2 , 19 ) .  
Ve ge tative s oil  has been shown to  be be tter  than 
non-ve ge tative s oi l  in the reduc ti on of ni trate s ( 1 2 , 1 8 , 2 2 ) . 
Thi s increased  re duc ti on i s  due to  s ome ni trate up take by 
plants , · but i s  mos tly due to  sli ghtly anaer obi c c ondi ti ons 
create d by the r oots  of the plants taking up oxygen and 
als o  by the de c omp osi ti on of organi c matter ( 1 8 ) . 
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I t  has be en sugge s ted  ( 1 0 , 1 7 ) that was tewater should 
be treated to oxidi z e  the ammonia to  ni trate s pri or to 
infiltrati on-p erc olati on to  avoid the adver s e  e ffe c ts a s s o ­
ciate d  wi th ni trifi cati on i n  the s oil . One of the major 
adverse e ffe c ts is a re duc ti on in the amount of BOD re ­
move d by the s oil  due to  the high oxygen demand of the 
ni trifi cati on proc e s s . Another effe c t  i s  the increas e d  
mineral i z ati on of the groundwater due to  the release  of 
hydrogen  i ons during ni trifi cati on and the subse quent di s ­
s olving of calcerous rock . The se  effe c t s  have not been 
spe cifi cally d ocumented  by field experienc e , h owever (1 0 ) . 
Fe cal C olif orm Removal 
Fe cal c olif  orms are remove d principally by s e dimenta­
ti on , filtrati on near the s oil surfac e ,  ads orpti on , and 
utili zati on as food  by other microorgani sms in the ho s tile  
and c omp e ti tive s oi l  environment (14,18). The dep th in  
the s oil  at whi ch fe cal c oliforms are rep orte dly remove d 
doe s  vary s omewhat . A C ouncil on Environmental Quali ty and 
EPA rep ort  ( 22 )  s tated that 95 percent of the p athogenic 
organi sms can be exp e c ted t o  be removed in the top one -half 
inch of s oil . Re sults of o ther s tudi e s  show that thre e  
fe e t o f  s oil  i s  adequate t o  remove almos t  all fe cal c oli -
forms ( 18). 
Infiltrati on-perc olati on si te s  in California , Ari z ona ,  
New York , and Wi sc onsin rep ort fe cal c oliform removals  of 
1 8  
9 8 to  1 0 0 perc ent ( 1 , 1 6 , 1 7 , 1 8 , 1 9 ) • One e xamp 1 e. o f  this 
removal i s  at  Flushing Meadows , Ari z ona where the c oncen­
trati on of fe cal c oliforms appli e d  was 1 00 , 00 0  t o  1 , 0 0 0 , 0 00  
per 1 00 ml and the c oncentrati on in  the underlying gr ound­
water was le s s  than 1 0  per 1 0 0 ml . However ,  the sampling 
dep th at  Flushing Meadows was JO fee t  ( 1 8 ) . Studi e s  at  
Whi ttier Narrows , California als o  rep orted exc ellent fecal 
c oliform removal , but the total c oliforms densi ty increased  
due t o  regrowth in the s oil ( 1 7) . 
Spe cifi c  C onduc tance 
Although there i s  no di scharge requirement f or the 
spe cifi c  c onduc tanc e of was tewater ,  the s�e ci fi c  c onduc­
tance of a water doe s  give an indi cati on of the t o tal 
di s s olve d s olids  c ontent of that water . The amount of 
di s s olve d s olids  in a water is imp ortant for de termining 
the. p os s ible use s of that water and how the water may 
affe c t  o ther surface and gr ound water supp li e s . 
Depending on the chemi cal c omp osi ti on of the s oi l , 
the water may show an increase , de crease , or no  change 
in i ts t o tal di s s olve d s olids ( sp e c ifi c c onduc tanc e )  as 
it perc olate s through the s oil ( 1 0 ) . The c onc entrati on 
of to tal di s s olved s olids in the renovated water  i s  
dependent on whe ther salts from the s oil profile  are 
dis s olve d into the water , whi ch would oc cur if the 
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c oncentrati on of salts in the s oil  i s  hi gher than that of 
the water , or salts  from the water are dep o s i te d  in the 
s oil , which would oc cur if the si tuati on was reversed  ( 2 J ) . 
If salts  are di s s olve d from the s oil, the amount di s s olve d 
depends on a number of fac t ors such as: -the type of _s oil ,  
the quali ty of the applied  water- , the length of the flow­
path , and the partial pres sure of carbon di oxi de (�J ) . 
Saline s oi l  will produce an increase in the t o tal di s s olved 
s olids of the renovated water until a s teady s tate c on­
di ti on i s  reached (10 , 2J ) . For thi s reas on , e s tabli she d 
infiltrati on-perc olati on sys tems show li ttle c hange in 
the leve l of t o tal di ss olve d s olids as the water p erc o ­
late s through the s oil (10 ) . 
" There i s  no  que sti on that land disp osal i s  a feasible 
me thod  of di sp os ing of adequately treate d was tewater if 
the s oi l s truc ture , ge ol ogy , gr oundwater hydrology ,  and 
climate of the area  are favorable " ( 24 ) . The s oil  offers  
this p o tential for the reclamati on of  was tewater because 
of the natural chemi cal and bi ological proc e s s e s  o ccurring 
wi thin i t  ( 12 ) . 
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DESCRIPTI ON OF  PROJECT 
The city of Br o okings provide s primary and s e c ondary 
wastewater treatment by means of a trickling filter s ys tem . 
Following final sedimentation the water is pump e d  t o  two 
stabilization p onds that operate in serie s . The s e  two 
p onds have a total re tention time of about 2 5  days with 
an average fl ow of 1 . 5 to 1 . 7 million gall ons a day . 2 
Six Mile Cre ek is the re ceiving s tream f or the s tabiliza­
tion p ond dis charge ( see  Figure 1 ) .  
The infiltration-perc olation pilot  unit c onsis ts  of 
thre e 50 -foot  by 1 50 -foot  basins l ocated be twe e n  the 
stabilization p onds and Six Mile Cre ek ( s e e  Figure s  1 
and 2) . This l ocation provide s gravity flow of water from 
the stabilization p onds and a discharge p oint for the 
renovate d water ( Six IVlile Creek ) . 
The thre e basins were c ons truc ted  by c ons truc ting 
dike s on a leve l plot  of gr ound and installing a plas tic 
liner in the dike s to prevent leakage and t o  define the 
area of the basins . The north and south basins were 
scarifie d while the middle one was left untouched with 
its heavy growth of brome gras s and alfalfa . 
2 Interview with John Wirtz , Bro okings Chemis t ,  
Feb . 24 ,  1 9 76 .  
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Fi gure 2 .  Layout of Pilot Unit Showing Three  Basins , Application System , 
and Drainage System to Six-Mile Creek ( 25) . N N 
The sys tem for applying water to  the bas i ns c onsi s ts 
of a funnel t o  catch the overflow from the dis charge we ir 
at the s tabili zati on p onds and · irrigati on p ip e  to  bring 
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the water t o  the s i te . The piping and valving were arranged 
s o  that any one of the basins c ould be flo ode d indivi dually 
or the water c ould be by-pa ssed  to  Six Mile  Cre ek (se e 
Figure 2 · ) .  
The underdrain system for c olle c ting the renovate d 
water c ons i s ts of four-inch c orrogate d ,  p e rforate d plas ti c 
pipe  located about JO inche s below the ground surface  in 
the middle of each basin , whi ch is about one f o ot  above the 
groundwater table . Another drain line was pla c e d  outside 
the thr e e  bas ins on the eas t and s outh s i d e s  o f  the p i l o t  
uni t to  drain the se  areas . The drain line s were laid in 
grave l t o  prevent c l ogging of their perforati ons , and then 
backfilled  and tamped  wi th dirt fr om the c ons truc ti on 
trench . All four of the drain line s di s charge to  the sam­
pling b ox on the we s t  side of the basins (se e  Figure 2) . 
The box was c ons truc ted .such that sample s c ould easily be 
taken from the drain line s individually and als o  provide  
drainage to  Six  Mile Cre ek . 
Ini tially only one line was laid to  provi de drainage 
to the cre e k , bu t be cause of i ts inadequate s l ope  i t  c ould 
not prevent the sampling box from be c oming par tially fille d 
wi th water . Thi s backwater caused  problems in  samp ling s o  
two sump pump s were ins talled  along wi th ano ther drain 
line to the cre ek to maintain a fre e  di s charge from the 
drain lin�s . The firs t  sump pump was installed  on Augus t 
1J , 1 975 and the s e c ond one on Augus t  20 , 1 975 . 
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The basi c  c onstruc ti on of the pilot  uni t was c omple ted 
in 1 9 74 , but c ontinued in 1 9 75  wi th the addi ti on of s tage 
r e c orders , pie z ome ter tube s , p orous cup samplers , a 
magne ti c -drive Badger irrigati on me ter , and a small building 
over the sampling box . 
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PROCEDURE 
Flo oding and· Sampling Procedure 
Fl o oding of the infiltrati on basins as well as sam­
pling and analysi s  to  evaluate the re sults  of the fl o oding 
be gan on June 1 1 , 1 9 75 and c ontinued on a wee kly basi s, 
wi th two e xc ep ti ons , until De cember 1 6 , 1 9 75 when the 
basins became i c e -bound . The first  exc ep ti on was the week 
of  Oc tober 1 4-21  when flooding took place e ve ry day in an 
attempt to  e xpand the s oil parti cle s and re duce  the infil ­
trati on rate . The s e c ond excep ti on was the we e k  of 
November 25 when a bli z z ard prevented sampling . 
The basins were floode d in the order s outh , middle , 
north every we ek , wi th a total of 1 0  to  1 2  h ours required  
for flo oding . Twenty-four inche s of water were  appl i e d  t o  
the s outh and mi ddle bas ins and eighte en inche s were ap ­
pli e d  t o  the north cell . The se  appli cati on rate s all owed 
c ompari s ons to  be made be tween the s outh and middle basins 
for effe c ts due to  basin c over , and be twe e n  the s ou th and 
north basins for effe cts due to hydrauli c  l oading . 
Every we ek  grab sample s were taken of the s tabiliza­
ti on p ond effluent and the three drain line effluents 
and c omp os i te d  to form sample s on whi ch the analyse s  were 
performe d .  A small pump was used to  · sample the renovated 
water pri or t o  Augus t 20 , since the sampling b ox c ontaine d 
about 1 8  inche s of water . Sampling was ac c ompli shed by. 
inserting a hos e into  the drain line and pumping out a 
sample . Thi s me th od may not have obtaine d a truly repre­
sentative sample . After August  20 , when  the sump pump s 
were ins _talled , samples  were taken by catching the reno­
vate d water as i t  fl owed fr om the drain line . 
26  
The c omp os i te of  the influent water to  the p i l o t  uni t 
c ons i s te d  of equal amounts of thre e grab sample s .  One 
grab sample was taken at the start of the fl o oding of each 
basin . The e ffluent c ompos i te s  c onsi s te d  of equal amounts 
of thre e or f our grab sample s taken of the water from the 
drain line s . Usually three grab sample s were taken of the 
north e ffluent and four samples of the s outh and middle 
effluents during the peri od that the drain line s were flow­
ing ( ab out 24 hours maximum ) . The se  grab sample s were  
s tore d at  f our degre e s  centi grade until c omp osi ting . 
Sample s for fe cal c olif orms analyse s  c onsi s te d  of one 
grab sample of the influent to the pilot  basins and the 
three  drain line effluents . The se sample s were c olle c te d  
i n  pre - s terili z e d  whirl packs . 
Me thod of Analysis  
The analyse s  performe d on the c omp os i te sample s were 
ni trate , ammonia , and total Kje ldahl ni tr ogen; t o tal and 
ortho p hosphorous; BOD; susp ende d s olids.; and spe cifi c  
c onduc tanc e . The s e  te sts were performed in  the Sani tary 
Engine ering laboratori e s  at SDSU . The fe cal c oliform 
de terminations were made by the Mi crobi ol o gy Department 
at SDSU . Since thi s p orti on of the pro j e c t  e xamine s the 
use  of thi s infil tration-perc olati on sys tem for me e ting 
di s cha�ge requirements , only the te sts  for BOD , suspended 
s olids , ammonia ni trogen , fe cal c oliforms , and spe c ifi c 
c onduc tance will be c onsidered . 
The BOD , suspended s olids , fe cal c oliform , and 
spe cifi c c onduc tance te sts  were all c ondu c te d  ac c ording 
to Standard Me thod s ( 26 ) . The dupli cate diluti on me thod 
was used  for the BOD te st  wi th the s tandard five -day 
incubati on peri od . After the diluti ons were made wi thout 
seeding , one b ottle was ti trated wi th 0 . 0 2 5  normal s odium 
thi o sulfate , and the other incubated in the dark at 2 0  
de gre e s  c entigrade for the five -day peri od .  The amount 
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of suspende d  s olids  was determined by fil te ring a sample 
through a glas s fiber filter , drying it at 1 0 3  degre e s 
centi grade , and c ooling . i t  in a de siccator before the final 
weighing . The most  probable number of fe cal c oliforms per  
1 00 millili ter s  of  sample was de termined by the EC (E . c oli ) 
medium me thod. The spe cifi c c onduc tance measurements 
were made at 2 5  de gree s  centi grade acc ording to Standard 
Me thods . 
The ammonia ni trogen te s t , like all the ni trogen  
and pho sphor ous  te sts , was performed on  a Te chnic on Auto 
Analyze r . The me thod  de scribed  in the Te chni c on Aut o  
Analyze r  Me thodology (2 7 )  was used . 
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PRESENTATI ON AND DISCUSSION OF RESULTS 
In thi s  pre sentati on ,  the stabili zati on p ond effluent 
will be referred t o  as the influent be cau s e  it i s  the in­
fluent water t o  the pilot  basins . Tbe renovate d water from 
the north , middle , and s outh basins will be simply referre d 
to  as the north , middle , and s outh sample s . 
The analysi s  of the re sults of thi s  s tudy involve s  
c ompari s ons of ( a )  the influent and north , middle , and 
s outh sample s to de termine the treatment provi de d  by the 
s oil; ( b )  the s outh and middle sample s t o  de ter�ine the 
effe c t  of the basin c over on the quali ty of the renovate d 
water; and ( c )  the s outh and north sample s to  de termine 
the effe c t  of the hydrauli c loading on the quali ty of 
the renovate d water . 
The data for thi s s tudy were c olle c te d  during the 
p eri od from June 1 1  to  De cember 16 , 1 9 75 .  The parame ters  
c onsidered  in thi s di scussi on are those  that will all ow 
the obje c tive s of thi s p orti on of the study t o  be me t .  
Bi ochemi cal Oxygen Demand 
Bi ochemical oxygen demand ( BOD ) i s  u sually define d  as  
"the amount of oxygen required by bac teria  while  s tabili z­
ing de c omp o sable  organi c matter under aer obic c ondi tions" 
(28 ) .  The five -day BOD is the most widely-used  parame ter 
of organi c p olluti on of water ( 2 9 ) , artd has wide  
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appli cati on in measuring was te loadings and evaluating the 
effi ciency of treatment sys tems ( 26 ) . Be cau s e  of thi s 
imp ortance in p olluti on c ontrol ac tivi ti e s , BOD c oncentra­
ti ons are a major i tem of c onsiderati on in e ffluent s tand-
ard s . 
Table 3 shows the pre s ent and future di s charge s tand ­
ards  for Bro okings , South Dakota . Thi s table i s  an example 
of s tandard s  that will  have to  be me t by all was tewater 
di s charge r s  wi thin the near futrue . The monthly , weekly , 
and dai ly average s indi cate d in the table are the maximum 
allowable average s of sample s taken during that s ampling 
peri od . I t  will be noted from Table J that the quali ty 
s tandard s  for BOD and suspended s olids pre sently vary 
ac c ording to the peri od of the year . Although the e ffe c ­
tive da te for the future standards i s  given a s  July 1 ,  
1 9 7 7 , an extensi on may be granted until c ompliance can 
be achi eve d as  l ong as  sati sfact ory ste.ps toward c ompli -
ance are made . J 
Table 4 shows the rssults  of the we ekly BOD analyse s 
for the s tudy , the me an value s of the se re sults , and the 
treatment effi ciencie s of the pil ot basins . The mean 
· · 29 J mg/l Thi s  c oncentra-influent BOD c oncentration was · • 
ti on was reduce d  to  8 . 9 ,  1 0 . 7 ,  and 6 . 8  mg/l by the north , 
3John Wirt z . 
Table J 
Was tewater Di scharge StandarEs 
for Bro okings , South Dakota 
C overage Monthly We ekly Daily 
Peri od Parame ter Average Average Average 
Jan . 1 t o  BOD5 
45 mg/l 60 mg/l 
May J1 
(pre sently) Sµspended 90  1 30 
Solids  
June 1 t o  BOD5 
2 5 4o 
De c .  J1  
(pre sently ) Suspended 45 60 
Solids  
Standards  BOD5 
1 0  1 5  JO mg/l 
Effe c tive 
July 1 ,  1 9 77  Suspended JO 45 90 
S olids  
Ammonia 1 . 5 
Ni trogen 
200/1 00ml 400/1 00 ml Fe cal 
C oliforms 
Dis s olved 6 • L� 6 . 4 6 . 4 
Oxygen 
4Interview wi th John Wirtz,  Brookings Chem
i s t , 
February 24 , 1 9 76 .  
J1 
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Table 4 
Re sults  of BOD5 Analyse s  
Fl ooding Influent North IV.Ii dcl e S outh 
Date (mg/l) (mg/l) (mg/l) (mg/l) 
June 1 1  1 1 . 0  > 7 .  3 > 7 . o  > 6 . 9  
1 8  1 2 . 3 7 . 1  9 . 7  5 . 5 
2 5 9 . 8  7 . 5  1 2 . 6  1 0  . 1  
July 2 1 9 . 2  8 . 1  8 . 8  7 . 4  
9 1 2 . 1  3 . 4 1 0 . 0  6 . 5  
1 6 24 . o  1 5 . 3 1 1 . 2  6 . 9  
2 3 24 . 5  1 1 . 7 9 . 2  5 . 6  
JO 1 2 . 0  5 . 6  5 . 9  2 . 9 
Aug . 6 22 . 4  2 . 5 3 . 0  2 . 0  
1 3 20 . 6  4 . 8  Lj, .  2 2 . 4 
2 0  1 9 . 7  4 . 6  5 . 1  2 . 4  
2 7  2 6 . 5 7 . 3  7 . 7 4 . 4  
Sep t .  3 > 60  . 6  2 . 4 5 . 9 4 . 6  
9 35 . 4 1 1 . 7 1 0 . 1  5 . 8  
1 6 3 8 . 9  1 2 . 4 1 7 . 5 7 . 5 
2 3 44 . J  9 . 2  1 5 . 9 7 . 8  
JO 34 . 7  6 . 2  1 1 . 2  4 . 9 
Oct . 7 61 . 0 8 . 7 1 8 . 8  9 . 1  
1 4 59 . 9 7 . 6 1 1 . 0  6 . 8  
21 34 . 8  8 . 2  9 . 8  7 . 1  
2 8  2 7  . 1  7 . 9 9 . 2  7 . 1  
Nov . 4 2 8 . 2  1 0 . 7  1 3 . 5  8 . 8  
1 1  24 . 8  1 3 .  3 1 4 . 7 1 1 . 6 
1 8  38 . 1 1 L� . 2 1 8 . 2  1 2 . 8  
De c . 2 21 . 5 8 . 5  9 . 3  7 . 8  
9 51 . 5 25 . 0  25 . 1  1 5 .  3 
1 6  1 7 . 4  8 . 7  3 . 8 3 . 4 
Mean 29 . 3  8 . 9  1 0 . 7  6 . 8  
Treatment 70 % 63  % 7 7  % 
Effi c i e ncy  
J J  
middle , and s outh bas ins re spec tive ly , repre s e nting treat­
ment effi ci enc i e s  of 63  t o  77  percent . 
Th e treatment effic ienc i e s  obtained by thi s 
infiltrati on-p erc olati on sys tem are not as  hi gh as  tho se 
r ep orte d at  o ther locations ( 1 , 1 5 , 1 6 , 1 8 ) . One p os s ible 
reas on for thi s l ower removal effi ciency  i s  the short  di s ­
tanc e  t o  the t op of the recharge mound . Bouwer ( in 1 3 ) re -
c ommended a minimum of four fe e t  to  the t op of the re charge 
mound , with le s ser  dep ths probably causing a l e s ser  degre e 
of treatment . Since  the drain line s in the se  p i l o t  basins 
are only about JO inche s bel ow the ground surfac e ,  the · 
di s tanc e t o  the recharge mound i s  c onsiderably le s s  than 
f our fe e t .  Als o , the underdrains themselve s "may reduc e 
the removal effici ency of a sys tem if suffi c ie nt de tenti on 
time in the s oil  ma tr ix is not provide d "  ( 1 0 ) . 
Thre e -we ek average s of the BOD c onc entrati ons in Table 
4 are p l o tte d in Figure 3 ,  wi th the average p l o tted on the 
las t we ek of the three -we ek serie s .  For e xample , the aver -
age o f  the June 1 1 , 1 8 ,  · and 2 5 sample s i s  plotte d  on June 
25 . Three -wee k  average s were used be cause  the y provi ded 
be tter re s olut i on be twe en the line s on a graph of thi s 
s i z e , and showe d trends in the data be tter than plo ts of 
the data c olle c te d  each we ek . 
the BOD c oncentrati ons of b o th the Figure 3 shows how 
t Var_ ied  through out  the sampling appli e d  and renovated wa er 
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Figure 3 . Three -Week Average s of BOD5 Data Obtained in Pilot  Infiltrati on­· Perc olati on Study for 1 975 . VJ +:-
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peri od . The BOD c onc entrati on o f  the appli e d  water was 
c omparatively l ow in June , approximately doubled  i n  early 
July and remaine d at that level through · Augus t ,  approxi ­
mately d oubl e d  again in early Sep tember and r emaine d  h�gh 
until  the middle of Oc tober , and then de creas e d . The BOD 
c onc entrati on of the renova te d  water of all three  basins 
de creased  to the middle of August  and then  increas e d  slowly 
after the firs t  of September .  Overall during the six­
month p e ri od ,  there was a slight increase in the  BOD of 
the renovate d  water for each of the thre e bas ins . 
Figure 3 shows that the middle basin ( alfalfa-br ome 
c over ) generally produc e d  the highe s t  BOD c oncentrati on 
and the s outh the l owe s t . A paire d t - te s t  (Appendix B )  
was use d  t o  c ompare the BOD c oncentrati ons o f  the s outh 
and north sample s to  de termine if there was a s i gnifi cant 
difference in BOD removal due to hydrauli c  l oading rate s 
( b o th s carifi e d  basins ) ,  and of the s outh and middle sample s 
to  determine if there was a signifi cant difference  due t o  
basin c over ( bas ins with the same hydrauli c  l oading ) . The 
t-te st  showe d that both of the se differenc e s  were s i gni fi ­
cant at the one perc ent level . Thi s informati on app ear s 
to  indi cate that the s carifi ed surfac e and the higher hy­
draulic l oading rate of the s outh basin s i gnificantly 
impr ove d the BOD removal . 
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There  are different p os s ible reas ons f or the reduced  
BOD removal in the mi ddle basin . One reas on c ould be the 
hi gher infiltrati on rate in the middle bas in ( se e  App endix 
C ) . Thi s  hi gher infi ltrati on rate c ould be caused  by the 
growing ve ge tati on making the s oil  more p or ou s  as a re sult 
of r o ot growth ( 1 0 ) , or by an increase in the amount of 
short . c ircui ting , whi ch is water fl owing through cracks in 
the s oil  near the drain line and not perc olating through 
the s oil  profile . Higher infiltrati on and perc olati on 
rate s may cause  a le s ser amount of ins oluble BOD to be  
filtere d out  by the s oil , and a le s ser  amount of  s oluble 
BOD to be ads orbed  onto the s oil for later oxidati on . The 
fac t  that the middle basin als o  produced  the p o ore s t  re ­
moval of suspended s olids ( Figure 5 )  which are remove d  
almo s t  entirely by filtrati on ( 1 0 ) , als o  indi cate s that 
hi gher infiltrati on rate s ,  pos s ibly due t o  short c ircui ting , 
may be a reas on for the p o orer removal of BOD . 
The i dea that higher perc olati on rate s may be as s o ­
ciate d wi th higher e ffluent BOD c oncentrati ons app ears t o  
be supp orte d b y  the increase in the BOD o f  the renovated 
water after August  20 when the sump pump s were  ins talled 
to allow a free -falling di scharge from the drain line s .  
Be fore the sump pump s were used , the high water level in  
the sampling box ac te d as  a fl ow-rate c ontr oller on  the 
drain line s . After the . ins tallati on of the sump pump s ,  
3 7  
the flow rate in the drain line s probably increas e d , caus ­
ing an increas e in the perc olati on rate in  the s o i l  in the 
vi c ini ty of the drain line s be cause  of the p o s s ible f orma­
ti on of  flow channels  through the s oi_l profile . Thi s 
increase  in  the perc olati on rate c ould cause  l e s s  BOD t o  
b e  ads orbe d onto the soil parti cle s . 
Ano ther reas on for the reduced  BOD removal in the 
middle basin c ould be that growing plants and the as s o c iat­
ed  dead plant material create slightly anaerobi c c ondi ti ons 
in the s oil  due to  the r o o t  uptake of oxygen and the de ­
c omp o s i ti on of the organic matter ( 1 8 ) . The s e  pro c e s s e s  
would reduce  the oxygen available t o  oxidi z e  the organi c 
matter in  the was tewater , and de crease the amount of BOD 
remove d . 
In Figure 4 the BOD value s shown in Table 4 are 
plotte d in de creasing order of magni tude s o  that the per­
cent of time that a given BOD di scharge s tandard i s  
equalle d or exc e eded  by the we ekly sample s can be de ter­
mined .  Table 5 include s the value s from Figure 4 that 
pertain to  the vari ous BOD dis charge s tandards  for 
Bro okings . 
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Table 5 
Perc ent of Sample s Equalling or 
Exce eding Stated BOD C onc entrati on 
BOD 
(mg/l ) 
1 0  
1 5  
2 5 
JO 
4o 
Influent 
(%) 
9 7 
8 5  
54 
41 
22  
North 
(� 
31 
9 
4 
0 
0 
Middle 
(%) 
48 
1 9  
4 
0 
0 
S outh 
(%) 
1 5  
4 
0 
0 
0 
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The pre sent effluent standard of  a monthly average of  
2 5 mg/l BOD for th e peri od of  June 1 to  De c ember  31 , when 
the data were  c olle c ted , was exceeded  54 p er c e nt of the 
time by the we ekly influent ( s tabili zati on p ond e ffluent ) 
sample s . The we ekly average of 40 mg/l was exc e eded  2 2  
percent o f  the time during the same peri od . The future 
monthly , we ekly , and daily average s of 1 0 , 1 5 , and JO mg/l 
re sp e c tive ly were exceeded 9 7 , 8 5 , and 41 p e r cent of the 
time re spe c tively by the we ekly influent sample s . Fr om 
thi s data , i t  i s  evi dent that the pre s ent s tabili zati on 
p ond e ffluent doe s not c onsi s tently me e t  pre s ent di s charge 
s tandards and will s e ldom me e t  future s tandards  wi th 
re spe c t  to BOD . 
The BOD c oncentrati on of the effluent of the three  
drain line s  me e ts all standards of  25 mg/l or  higher 
e s sentially all of the time . The future monthly average 
4o 
of 1 0  mg/l BOD was exc ee ded  31 , 48 , and 1 5  p er cent of the 
time by the renovated water from the nor th , middle , and 
s outh basins re sp e c tive ly .  At the same time , the future 
we ekly average of 1 5  mg/l was exc e e de d  9 ,  1 9 , and 4 p ercent 
of the time by the treated effluent from the same thr e e  
bas ins . 
The se figure s  show that even though the BOD c onc en­
trati on was re duce d substantially , that the 1 0  mg/l BOD 
s tandard was not me t c onsi s tently . The figure s als o show 
that the middle basin had the leas t p otential f or mee ting 
the e ffluent s tandards . If , in fac t , short-circui ting 
of the appli e d  was tewater was occurring , improved ins talla­
ti on of the drain line s or improve d operati onal proc e dure s 
would be exp e c te d  t o  increase the BOD removal . 
Suspended  Solids  
Suspended s olids c oncentrati ons are widely used  in  
evaluating the s trength of  a wastewater and in de termin­
ing the effi cienc y  of a treatment uni t ( 2 8 ) .  " Fr om the 
viewp oint of s tream p olluti on c ontrol , the removal of 
suspende d s oilds is usually as imp ortant as BOD removal " 
( 2 8 ) .  The ref ore , di s charge limitati ons are e s tabli shed 
on the c oncentrati on of  suspende d s olids in a treated 
was tewater . 
Table 6 shows the re sul ts of the susp ended s olid s  ( SS )  
analyse s  for the s tudy . The mean influent SS  c onc entrati on 
was 43 . 6  mg/l . Thi s  c oncentrati· on was re duce d  t 7 O 9 7 0 • , • , 
and 5 . 8  mg/l by the north , middle , and s ou th basins re spe c ­
tively , repre s enting treatment efficienc i e s of 78 t o  87  
percent . 
The thr e e -we ek average s of the SS  c oncentrati ons are 
pl otted in Figure 5 , in the same manner and for the same 
reas ons as were the BOD data . Thi s  figure and Table 6 
show how the SS  c onc entrati ons of the influent and renovat-
ed  wate r varie d  throughout the sampling p eri od .  The influ-
ent water ini tially c ontaine d a relatively l ow SS c oncen-
trati on in June . Thi s c onc entrati on increas e d  gre atly in 
July and Augus t ,  remaine d high in Sep tember ,  de cre�se d in 
Oc t ober , increas e d  again in November ,  and de crease d  again 
in De c ember . The SS c oncentrati ons of the renovate d water 
fr om all three  bas ins remaine d very l ow until  after Augus t 
20 and then increased subs tantially . After August  20 , 
change s in the SS  c oncentrati on of the influent were as ­
s ociate d wi th similiar change s in the SS c oncentrati ons of 
the renovate d water . 
Fr om Fi gure 5 , the increase in the SS c onc entrati on 
of the three  e ffluents after August 20 , and the way the 
effluent curve s tend to parallel the influent curve after 
Augus t  20  in parti cular should be noted . As already s tated ,  
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Table 6 
Re sults  of Suspende d S olids  Analys e s  
Fl oodi ng Influent North Middle South · 
Date (mg/l) (mg/l ) (mg/l) (mg/l )  
June 1 1  22 . 0  4 . o 6 . o  9 . 0  \ 
1 8  1 1 . 0  J . O 6 . 6  6 .  0 ' 
2 5  1 6 .  8 o . 4 1 . 4 1 .  0 . 
July 2 1 5 .  0 J . 2 1 . 4 0 .  8 " 
9 J 5 . 8  2 . 2 2 . 4 2 . 2  " 
1 6 5 3 . 6  1 . 2 1 . 6 1 .  0 > 
2 3  47 . 7 w' 1 . 6 o . 4 0 . 2 
JO 3 9 . 7  2 . 8  4 . 2  1 .  0 ' 
Aug . 6 6 7 . 0  1 . 0 o . 4 o . o  
1 3  74 . 5  o . 8  1 . 4 o . 6 \ 
20  55 . 0  o . 8 1 . 4 o . o 
2 7 66 . o  7 . 4 1 0 . 0  5 . 6  >{. 
Sep t . 3 57 . 0  5 . 2  5 . 6  4 . 2  ( 
9 48 . 0  7 . 4 8 . 0  2 . 0 
1 6  72 . 0 1 5 .  8 2 3 . 2  9 . 4  " 
2 3  79 . 0  1 1 . 6  1 9 . 6  1 0 . 2  
JO 2 3 . 0  1 . 8 6 . 2  1 . 4 � 
Oc t .  7 39 . 2  J . 6 8 . 0  4 . 2  
1 4 31 . 6 4 . 2  8 . 2  5 .  2 � 
21  32 . 4  9 . 2  1 2 . 4 7 . 0  
2 8  46 . 8  1 1 . 8 20 . 8  1 0  . o  . 
Nov . 4 54 . 4  1 9 . 7  28 . 4  1 7 . 6  >( 
1 1  70 . 7 26 . 8  36 . 4 2 5 . 6  >( 
1 8  62 . 0  1 6  . o  29 . 6  1 8 . 8  ' 
De c .  2 2 8 . 8  1 2 . 0  1 1 . 6  8 . 8 
9 1 6 . 8  8 . 2 5 . 6 3 . 2  
1 6 1 1 . 6  6 . 6  1 . 4  o . 8 
Mean 43 . 6  7 . 0  9 . 7  5 . 8  
Treatment 84 % 78 % 8 7 % 
Effici ency  
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on Augu s t  20 the sump pump s were ins talled ,  s o  i t  app ears 
that thei r  use greatly re duc ed  the removal of SS . Thi s  
reduc ti on i n  S S  removal was probably due t o  an increas e  
in the perc olati on rate in the s oi l  cau sing the p os sible 
formati on of fl ow channels thr ough the s oil  profile  in the 
vi cini ty of the drain line s . The s e  fac t or s  c ould cause  
le s s  SS  to  be  filtere d out by the s oil , whi ch is  the ma j or 
me th od of removing S S  ( 1 0 ) . 
I t  appeared that algae made up a large part of the SS 
in the sample s c olle c ted . Thi s  the ory se emed to  be sub ­
s tantiated when vi sibly le s s  algae oc curre d in the influent 
in Oc tober and De c ember , and the SS showe d a c orre sp onding 
de crease  during the s e two months . Als o ,  algae app eared  in 
the renovate d water after August  20 , whi ch was when the 
amount of S S  in thi s  water increased . 
Figure 5 shows that the s outh basin had the be s t  S S  
removals and the middle basin had the p o ore s t . The se  
re sults  are the same as  those  obtaine d for BOD . A paired 
t - te s t  was als o  performe d c omparing differenc e s in the S S  
removal due to  basin c over ( s outh and middle basins ) and 
due t o  hydrauli c l oading ( s outh and north basins ) ( s e e  
Appendix B ) . The differenc e in S S  removal be twe en the 
s outh and middle basins was signifi cant at the one p er cent 
level , while the difference  be twe en the s outh and north 
basins was s i gnifi cant at the five percent leve l . Thi s 
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informati on indi cate s that the scarifi e d  surface and higher 
hydrauli c  l oading rate of the s outh basin s i gni fi c antly 
improve d SS  removal . The higher infiltrati on rate i n  the 
mi ddle bas in ( se e  Appendix C )  c ould be a reas on f or the 
p o orer SS removal in thi s basin due to l e s s  e ffe c tive 
filtrati on .  
Table 3 shows the di scharge standard s  f or SS  for 
Br o okings . Table 7 give s the perc ent of the we ekly SS 
sample s that e qualled or exceede d  the s tandards given in 
Table 3 .  The perc entage s in Table 7 are obta ine d from a 
figure similiar to  Figure 4 c onstructe d  f or the SS  data 
( se e  Appendix A ) . 
Table 7 
Perc ent of Sample s Equalling or 
Exc ee ding Stated Susp ende d Solids Conc entrati on 
SS Influent North 
(mg/l) (%) (%) 
JO 71 0 
45 49 0 
60  29 0 
90 0 0 
The pre sent effluent s tandard of 
45 mg/l SS fr om June 1 to De cember 31 
c olle c te d , was exc e eded 49 percent of 
we ekly influent sample s . The pre sent 
Middle S outh 
(%) (%) 
4 0 
0 0 
0 0 
0 0 
a monthly average 
when the data were 
the time by the 
weekly average of 
of 
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60 mg/l for the same peri od was exc eeded  2 9  p e rc ent of the 
time . The future di s charge standards f or Bro okings are 
monthly , we ekly , and daily average of JO , 45 , and 90 mg/l 
SS re spe ctively . The se  value s were exceeded  71 , 49 , and o 
percent of the time re spec tive ly by the influe nt was tewater . 
From thi s informati on it  i s  seen that the future SS di s ­
charge s tandards will be diffi cult t o  me e t  by the stabili ­
zati on p ond effluent . 
The SS of the north , middle , and s outh sample s e s sen­
tially me e ts all di scharge standards , pre sent and future , 
all of the time . Only one sample from the middle bas in 
exc e e de d  the future monthly average of JO mg/l SS . The se 
e ffluent value s indi cate that thi s infiltrati on-p erc olati on 
uni t would be effe c tive in me e ting SS di s charge require -
ments . 
Ammonia Ni trogen 
Ammonia ni trogen is  produce d  by the bac terial de c omp -
o s i ti on of organic matter ( 2 8 ) . The c oncentrati on of 
ammonia is imp or tant in water p olluti on c ontr ol be caus e  
the oxi dati on o f  ammonia t o  ni trate s exerts a n  oxygen de ­
mand on the water ( 2 8 ) , ammonia i s  a food s ourc e  t o  
certain algae ( 4 ) , which can re sult i n  algal bl o oms , 
and ammonia in l ow c oncentrati ons can have t oxi c effe c ts _ 
on fi sh be cause i t  reduce s  the abili ty of the bl o od t o 
carry oxygen ( JO ) . Although previ ously the re has not been 
an ammonia di s charge requirement for Bro okings , a maximum 
we ekly average of 1 . 5 mg/l ammonia ni tro gen  has be en e s tab­
li shed after  July 1 ,  1 9 7 7  ( Table J ) . 
The re sults  of the weekly ammonia ni tr ogen  analys e s  
for thi s s tudy are sh own i n  Table 8 .  The average ammonia 
ni trogen c onc entrati on of the appli ed water was 1 0 . 48 mg/l . 
Thi s  c oncentrati on was reduced  to  3 . 59 ,  3 . 2 9 ,  and 2 . 30 mg/l 
by the north , middle , and s outh basins re sp e c tively , repre ­
senting treatment effic i enc i e s  from 66 to
. 
7 8  percent . 
The thre e -week average s of the data in  Table 8 are 
pl otte d in Fi gure 6 .  Thi s  figure and Table 8 show that 
the c onc entrati on of ammonia ni trogen of the appli e d  and 
renovate d water was relatively high when th e fl o oding of 
the p i l o t  bas ins began in June . The se  c onc entrati ons then 
de creas e d  to  the middle of August  and remaine d l ow until  
the end of Sep tember , and then sharply increase d . In  ·Novem­
ber howeve r ,  the amount of ammonia de creas e d  s omewhat . 
From Figure 6 ,  i t  can be se en that the c onc entrati on of 
ammonia in the renovate d water tends  to  parallel the c on­
centrati on of ammonia in the applied  water thr oughout the 
sampling peri od .  
Trends  in the influent ammonia curve ( Figure 6 )  are 
appr oximately opp osite of trends in the influent susp end.e d  
s olids  curve ( Figure 5 ) . C ons idering that much  o f  the 
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Table 8 
Re sults  of  Ammonia Ni trogen Analys e s  
Flo oding Influent North Middle S outh 
Date (mg/l) (mg/l) (mg/l )  (mg/l) 
June 1 1  1 4 . 60 1 0 . 60 9 . 63 8 . 1 8  
1 8 1 1 . 75 6 . 20 5 . 1 0  3 . 65 
2 5  33 . 70 9 . 1 0  7 . 20 4 . 75 
July 2 9 . 0 5  4 . 35 2 . 70 2 . 0 0 
9 6 . 90 4 . 1 5  2 . 3 8 1 . 9 3  
1 6  4 . 60 2 . 90 2 . 35 1 . 8 2 
2 3 3 . 90  2 . 60 1 . 2 7 1 . 0 9  
30  1 . 90  i . 54 0 .  71 o . 44 
Aug .  6 3 . 2 5 1 . 2 7 0 . 52 0 . 32 
1 J  1 . 3 5 0 . 85 0 . 2 9 0 . 1 9  
2 0  
2 7  2 .  31 0 . 57 0 . 35 0 . 1 4  
Sep t . 3 3 . 95 0 . 1 4 0 . 39 0 . 54 
9 1 . 21  0 . 32 0 . 30 0 . 0 9  
1 6 2 . 0 3  o . 43 0 . 30 0 . 1 0  
2 3  o . 84 0 . 55 1 . 1 3  0 .  31 
JO 7 . 62  1 . 0 7  2 . 2 5 0 . 76 
Oc t .  7 8 . 8 8  0 . 89 2 . 63 0 . 83 
1 4 1 3 . 47 1 . 69 1 . 74 1 . 79 
21  1 6 . 6 8 �, . 1 4 6 . 78 4 . 2 6 
2 8  25 . 1 0  4 . 38 6 . 96 4 . 50 
Nov . 4 6 . 2 8 2 .  71 3 . 6 8 2 . 90 
1 1  1 4 . 20 2 . 52 5 . 04 2 . 2 8 
1 8  
De c .  2 21 . 50 7 . 20 7 . 70 4 . 80 
9 20 . 60 8 . JO 6 . 35 4 . 86 
1 6  25 . 50 1 1 . 2 5 4 . 60 4 . 90 
Mean � o . 48 3 . 59 3 . 2 9 
2 . 30 
Treatment 66 % 69  % 7 8  % 
Effi ciency 
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suspended  s olids  are algae , i t  appears that as the algae 
increas e d  in p opulati on they c onsumed more ammonia ni trogen 
as f o od . A c orrelati on c oeffi cient of -0 . 6 5 was calc�lated 
when the c oncentrati ons of appli e d  ammonia and suspended 
s olids  were  c ompared .  Thi s value i s  s ignifi cant at the 
one percent level , and indi cate s that as  the amount of 
suspended  s olids  increased , the amount of ammoni a  de crease d .  
Fi gure 6 shows that the so uth basin generally produc ed  
the l owe s t  c oncentrati ons of  ammonia ni trogen , and the 
north basin the highe st  c oncentrati ons before Sep tember 1 
and the middle basin the highe st. after September 1 .  A 
paire d t - te s t  was used  to  c ompare the difference s  in am­
monia ni tr ogen due to  basin c over ( s outh and mi ddle basins ) 
and due t o  hydrauli c  loading ( s outh and north basins ) . 
The difference s  were both significant at the one p er c ent 
level . Like  the BOD and the suspended s olids  t-te sts , 
thi s · informati on indicates that the scarifie d  surfac e and 
the higher hydrauli c loading rate of the s ou th basin signif­
i cantly improved ammonia ni trogen removal . The higher 
infiltrati on rate in the mi ddle basin c ould again be a 
reas on f or lower ammonia removal in that basin . A higher 
infiltrati on rate may cause le ss  ammonia to  be ads orbed 
onto the s oil  for later oxidati on . 
The di s charge s tandard for ammonia ni tr ogen f or Brook -
ings i s  shown in Table J .  The perc ent of the we ekly 
ammonia ni tro gen sample s that equalled  or e xc e e de d  thi s 
s tandard i s  given in Table 9 .  The percentage s ih Table 9 
were obtaine d fr om a fi gure similiar to  Fi gure 4 c on­
s truc te d f or the ammonia data ( se e  Appendix A ) . 
Table 9 
Percent of Sam�le s _
Equalling or Exc e e ding 
State d Ammonia Ni tr ogen Concentrati on 
NH -N 
CmJ/1 ) Influent (%) 
90 
North 
(%) 
66 
Middle 
(%) 
64 
S outh 
(%) 
53 
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Table 9 shows that the applied  water seldom me t the 
future di s charge s tandard of a weekly average of 1 . 5 mg/l 
ammonia ni trogen . Thi s  table als o  shows that the renovate d 
water als o  exc e e de d  the di s charge standard over half the 
time . Thi s informati on indi cate s that the p i l ot 
infiltrati on-perc olati on system as operate d during the 
p eri od of sample c olle c ti on cannot me e t  the future 
ammonia ni tr ogen e ffluent standard . The inabili ty of the 
pilot  basins t o  pr oduce an effluent wi thin  ac ceptable lim­
i ts is in di sagre ement wi th rep orts in the li terature 
( 1 5 , 1 6 , 1 8 , 1 9 ) , whi ch state that ammonia i s  subs tantially 
remove d by infiltrati on-perc olati on treatment . However , 
in mos t  of the se  case s ,  the renovated water was sampled 
at  a gre ater dep th and there was a greater dep th t o  the · 
groundwater table . The se  fac tors would all ow more of. a 
s oi l  profile t o  ads orb the ammonium i ons f or subsequent 
· oxidati on to  ni trate s .  
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It  cannot readily be said whi ch of the me thods  of 
removing ammonia in the s oil  oc curred in thi s  pilot  s tudy . 
Mos t of the removal probably oc curre d by the ads orp ti on of 
ammonium i ons t o  clay and organi c material and the i r  sub­
s equent oxi dati on to  ni trate s during the drying c ycle . 
Ammonium removal in thi s manner i s  indi cated  by the large 
· increas e in the c oncentrati on of ni trate s from the applied  
water t o  the renovated water ( J1 ) . The s oi l  a t  the s i te 
i s  clas sifi e d  as Lamoure silty , clay , loam ( J2 )  whi ch 
is  predominately silt , but als o  c ontains clay t o  provide 
ads orpti on s i te s  f or the ammonium i ons . Small amounts 
of ammonia were probably als o  removed through fixati on ,  
up take by ve ge tati on , and volatili zati on , but i t  would be 
diffi cult to e s timate the se amounts from the data c olle cte d .  
Fe cal C olif orms 
The fe cal c oliform bac terial group i s  f ound in the 
inte s tine s of warm bl ooded animals ( 26 )  and i s  used  as an 
indi cat or organi sm t o  de termine if pathogeni c organi sms 
may be pre sent ( 2 9 ) . Serving as an indi cat or , thi s para­
me ter i s  imp ortant to  inve stigati ons of s tream p olluti on ,  
s ewage treatment systems , and general water quali ty 
monit oring ( 26 ) . Pre sently . Br ookings doe s not have a 
di scharge s tandard for fe cal c oliforms , but after July 1 ,  
1 977  a limit of 2 0 0/1 00 ml will be imp os e d  as  a monthly 
average and 40 0/1 0 0 ml as a weekly average . 
The fe cal c oliform data obtained duri ng thi s pilot  
s tudy are shown in Table 1 0 . The thre e -we ek average s of 
thi s data are pl otted in Fi gure 7 .  Thi s fi gure and Table 
1 0  reveal that the c onc entrati on of fe cal c oliforms in  
the applied  water increased to  the middle of Oc tober and 
then remaine d relatively high through De c ember .  The 
c oncentrati on of fe cal c oliforms in the renovated water 
varie d  thr oughout the sampling peri od . I t  c an be noted  
that the c onc entrati on of  fe cal c oliforms was greater in 
the renovate d water than in the appli ed  water  during the 
las t of July and firs t of August . 
The mean c oncentrati on of fe cal c ol i f orms in the 
appli e d  water was 1 443/1 0 0 ml , and was reduc e d  44 perc ent 
by the nor th and middle basins and 77 ·percent by the 
s outh basin . The lower fe cal c oliform leve l s  produce d  
by the s ou th basin can readily be seen  from Figure 7 .  
The fe cal c oliform di scharge standards  for Bro okings 
are given in Table 3 . The percent of the we ekly fe cal 
5 3  
. c oliform sample s that equalled o r  exc eeded  the se  s tandards  
is  given in Table 1 1 . The percentage s  in Table 1 1  were  
obtaine d from a figure similiar to  Figure 4 c ons truc te d 
· 
for the fe cal c oliform data ( see  Appendix A ) . 
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Table 1 0 
Re sults of Fe cal C oliform Analyse s  
Flooding Influent North Middle S outh 
Date (IVINP /1 0 0  ml ) 
June 1 8  80 60 60  40  
2 5  50 60 60  60 · 
July 2 50 60 60 6 0  
9 60 60 60  60  
1 6 71 0 1 70 2 20 1 70 
2 3  49 490 490 1 1 0 0 
30 9L!-Q 1 7000  · >  240 0 70 0 0  
A.ug . 6 1 40 0  1 80 0  2 2 0 0 0  1 70 0  
1 3  50 1 70 > 240 0 1 70 
2 0  1 30 0  2 860 1 60 90  1 60 90 
2 7  240 0 1 0 90 490  50 
Sep t . 3 790 1 30 8 0  
9 70 0 L�90 1 0 90 8 0  l.'{ 
1 6  542 0  1 30 0  2 30 < 2 0  
2 3  2 30 70 2 )0 50 
30  91 80 1 30 0  2 21 0 49 0  
Oct . 7 542 0 5420 3480 2 78 0  
1 4  > 240 0 0  630 3450 2 30 
21  > 2LW O O  5420 940 790  
2 8  91 80 1 30 0  2400 1 72 0  
Nov . 4 1 60 90 1 30 0  542 0  1 72 0  
1 1  3450 3450 20 < 2 0  
1 8 > 240 0 0  > 240 0 0  91 80  3480  
De c .  2 1 72 0  460 330 1 30 0  
9 > 2LJ,o o o  2 21 0  5420  790  
1 6 1 60 90  3480 70 0 490 
Logarithmi c 1 44 3 81 1 81 5 33
5 
Mean L�4 % 44 % 7 7  % Treatment 
Effi ci ency  
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Fi gure 7 . Three -We ek Average s o
f Fe cal C oliform Data. 
Table 1 1  
Perc ent o f  Sample s �qualling or Exc e e ding 
State d Fe cal Colif orm C oncentrati on 
Fe cal 
C olif  orms Influent North lVliddle 
(IVJPN/1 00  ml L (%) (%) (%) 
2 0 0  74 76 7 7  
400  70 66 68 
S outh 
(%) 
61 
· 52 
The se  percentage s indi cate that the bas ins produced  
no impr ovement in the efflu.ent quali ty re  la  ti ve t o  the 
fe cal c oliform d i s charge s tandards . ·They al s o  show tha·t 
the p il o t  basin will not me e t  the di scharge s tandards for 
fe cal c oliforms . 
Since thi s infiltrati on-perc olati on sys tem did not  
produce  an effluent with an ac ceptable c oncentrati on of 
fe cal c oliforms i t  i s  in di sagreement wi th the li terature 
reviewe d whi ch s tate d that fe cal c oliforms were  reduced  
9 8  to 1 00 perc ent in  vari ous studie s .  Thi s di sagre ement 
and the fac t that the c oncentrati on of fe c al. c oliforms in 
the renovate d water was · higher than that of  the influent 
water during part  of the year se ems to indi cate a p os sible 
error in  sampling or analys e s , or that the c oliforms may 
have re �own in the s oil or drain line s . The sample s 0 
were c olle c te d  in sterili zed  c ontainers to  prevent c on-
taminati on .  However , pri or to August  20 the sample s were 
c olle cted  wi th a pump , whi ch may have interfer e
d  wi th the 
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quali ty of the sample or  may not  have produced  a repre senta­
tive sample . Since the fe cal c oliform analyse s  were  per­
forme d elsewhere , i t  i s- not  kno�m if  err ors o c curred  in  
the analyse s .  
Spe cifi c C onduc tance 
Although there i s  no dis charge s tandard f or spe c ifi c 
c ondu c tanc e of a wastewater ,  thi s parame ter give s an 
indi cati on of the total di s s olve d s olids  and c oncentrati on 
of i ons in the water ( 2 8 ) . Thi s inf ormati on i s  imp ortant 
in de termining how the water can be used  and h ow i t  will 
affe c t  o ther water supplie s . 
Table 1 2  shows the spe cifi c c onduc tance of the we ekly 
sample s and the mean value s for the se  results . The c on­
duc tivi ty of the influent averaged 1 61 0  Al mho s/cm and 
increased  t o  1 766 , 1 7 75 , and 1 774 » mho s/cm on the average 
for the north , middle , and s outh re spe c tively . The se  
figure s indi cate that the s oil is  more saline than the 
water as the renovated water increased  in c ondu c tivi ty . 
The c onduc tivi ty value s
. 
of the renovated water  als o  di s ­
close  that the three basins produced water wi th similiar 
i on c oncentrati ons . 
The thre e -week average s  of the spe cifi c c onduc tance 
data are shown in Fi gure 8 .  From thi s fi gure i t  can be 
seen that the c onduc tivi ty of the applied  water  increased  
Table 1 2  
Re sults of Sp ecifi c C onduc tance Analyse s 
Fl ooding Influent 
Date 
June 1 1  1 52 0  
1 8  1 70 5  
2 5  1 50 0  
July 2 1 5JO 
9 1 460 
1 6  1 765  
2 J  1 72 5  
J O  1 60 5  
Aug . 6 1 690 
1 J  1 61 5 
2 0  1 61 5  
2 7  1 590 
S ep t . J 1 60 5  
9 1 550 
1 6  1 5JO 
2 J  1 490 
JO 1 520  
Oc t .  7 1 580 
1 4 . 1 6 J5 
2 1  1 500  
2 8  1 6J5 
Nov . 4 1 70 5  
1 1  1 6�,5 
1 8  1 540 
De c . 2 1 80 5  
9 1 645 
1 6  1 755 
Mean 1 61 0  
North Middle 
Cu mhos/cm) 
1 820 
1 8L�O 
1 6 85  
1 9 50 
1 6J5 
1 890 
1 9 60 
1 765 
1 8J5  
1 8 80 
1 850 
1 81 5 
1 755 
1 7JO 
1 665  
1 60 5  
1 62 5  
1 665 
1 665 
1 550 
1 665 
1 755  
1 71 5  
1 80 5  
1 880 
1 655 
201 0 
1 766  
:Q, .... 
1 92 0  
1 990  
1 880  
1 745  
1 61 5  
1 96 0  
1 92 0  
1 81 5  
1 8 70 
1 81 5  
1 8 50 
1 82 5  
1 80 5  
1 7J 5  
1 7J 5  
1 590 
1 60 5  
1 6 55 
1 6 9 5  
1 5 70 
1 695  
1 765 
1 71 5  
1 745  
1 8 70 
1 580  
1 950 
1 775 
'3 .,1 . . 
S outh 
2 040 
1 7 7 5  
1 77 5  
1 74 5  
1 61 0  
2 0 20 
1 96 0  
1 80 5  
1 90 0  
1 890  
1 8 35 
1 81 0  
1 80 0  
1 7J 5  
1 6 75 
1 590  
1 61 5 
1 66 5  
1 68 5  
1 5JO 
1 69 5  
1 77 5  
1 7JO 
1 78 5  
1 8 70 
1 65 5  
1 9J 5  
1 774 
9. 2 Yo 
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through July , de creased to  the las t  of Sep tember , and then 
increase d  again .  The three effluent curve s parallel  the 
influent curve closely .  The effluent curve s als o  be c ame 
noticeably c l o ser  t o  the influent curve , i ndi cating that 
the exc e s s  sal�s are being leached fr om the s oi l . 
Al though di s s olved oxygen was not evaluated  in  thi s  
inve s ti gati on , i t  i s  a parame ter that should b e  c onsi dered 
when us ing an infi ltrati on-perc olati on s i te be cause  
Bro okings has a future di s s olve d oxygen requirement of 
6 . 4  mg/l f or i ts effluent . Thi s c oncentrati on will probab­
ly not be  me t by an infi ltrati on-perc olati on s ys tem be cause 
filtering the water thr ough the . s oil  remove s di s s olve d 
oxygen . On Oc tober 21 , 1 975  a di s s olve d oxygen analysi s  
was perf orme d on the water fr om the e ffluent drain line s . 
The re sults  of thi s analysi s  showed 0 . 7 ,  0 . 9 ,  and 0 . 3 mg/l 
di s s olve d oxygen i n  the water from the north , middle , and 
s outh basins r e sp e ctively.  
SUlY11VlA.RY AND C ONCLUSI ONS 
The purp o se of thi s study was to de termine if an 
infiltrati on-p er c olati on treatment system would improve 
the quali ty of a s tabili zati on p ond effluent t o  mee t  
di s charge requirements for a si tuati on s imi liar t o  that 
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at Br o okings , S outh Dakota . The study was als o de s i gne d 
s o  that the influence of hydrauli c  l oading and basin  c over 
on the treatment achieve d c ould be inve s ti gated .  
Fr om the data c olle c te d  during the s e  s tudie s ,  the 
f ollowing c onc lusi ons are made : 
1 .  The c oncentrati on of BOD in the renovated water 
was substantially reduced  fr om i ts i nfluent level , 
and generally mee ts the di s charge s tandards  wi th 
the exc ep ti on of 
.
the monthly average of 1 0  mg/l . 
Failure to  achieve BOD reduc ti ons bel ow thi s level 
may be due to  shor t  circui ting or s ome o ther prob­
lem that can be c orrec te d . With s ome improvement 
such as impr oved placement of the drain line s and 
be tter preparati on of the s oil  above the drain 
line s , greater BOD reduc ti ons can probably be 
achieve d more c ons i stently . 
2 .  Suspende d s oilds c oncentrati ons were reduce d  t o  
ac c ep table levels by thi s infil trati on-perc olat� on 
. sys te m ,  making thi s an excellent me thod f or 
'. 
mee ting suspended s oilds di scharge requirements . 
· 3 . The ammonia ni trogen c oncentrati ons of the r en­
ovated water generally exc e e ded the future 
ammonia s tandard even though reduc ti ons up t o  
78 percent were achi eved . I t  d oe s not appear 
that the sys tem in i ts pre sent c ondi ti on will 
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be capable of · mee ting the ammonia ni tr ogen s tand­
ard wi th any c onsi stency . Change s in the sys tem 
that might improve thi s si tuati on inc lude an 
increase in the dep th of the s oil profile  be tween 
the ground surfac e and the drain line s and be tter 
preparati on of the s oil  above the drain line s . 
4 . Fe cal c oliform c onc entrati ons in the renovated 
water subs tantially exceeded  the future effluent 
s tandards . There i s  some que s ti on however a s  
t o  the ac curacy of thi s data . Bas e d  o n  excellent 
fe cal c oliform removals in other i nfi ltrati on­
perc olati on s tudie s ,  more data should be c olle c te d  
before  i t  i s  said that the fe cal c oliform s tand­
ard cannot  be achi eved . 
5 .  Stati stically , the s carified  surfac e  and higher 
hydraulic  loading rate of the s outh bas in were  
found to  re sult in  significantly improved BOD , 
suspende d s olids , and ammonia ni trogen  removals· . 
"-
Fr om the inve s tigati on · c omple ted t o  date , the 
infi ltrati on-p erc olati on pilot  system has been  shown t o  
pr oduce  a treated water o f  a highly improved quali ty 
having s ome p otential for mee ting di s charge requirement s . 
More inve s ti gati ons with thi s pilot  uni t should . be made , 
however , t o  de termine if the BOD , ammonia ni trogen , and 
fe cal c oliform discharge s tandards  can be achieve d  wi th 
greater c onsi s tency than demonstrated during thi s s tudy . 
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REC OMIVIENDA TI ONS 
Based  on the operati on of the p il o t  uni t f or one year , 
a few improvements and modificati ons . should be c onsi dered 
as  the s tudi e s  c ontinue . 
1 .  To reduce  the p oss ibili ty of short circui ting 
r o ot growth , the s carifi e d  basins , whi ch were 
be c oming overgr own with we e ds , should be  tille d 
p eri odi cally . 
2 .  If  short circui ting c ontinue s t o  be e vident , an 
impervi ous plastic  she e t  c ould be laid in the 
s oil  over the drain line s s o  that the renovate d 
water c ould not be short-circui ted . 
J .  An inve stigati on should be made t o  vali date the 
ac curacy of the pre sently-us e d  samp li ng te chnique s 
t o  insure that repre sentative samples  of the total 
renovated water di scharge are obtaine d . 
4 .  More data should be obtained to  make i t  p o s sible 
to e s timate more ac curately the amount of ammonia 
removed by the vari ous proc e sse s in the s oil . 
Inf ormati on that would be useful f or thi s purp ose 
inc lude s the amount of clay and organi c material 
in the s oil , the type of other i ons i n  the appli e d  
water , and the pH and · carbon c ontent of  the 
applied  water . 
5 .  Be cause  the higher hydrauli c  l oading rate of the 
s outh basin appeared  to produce  be tter removals 
than did the north basin , the hydrauli c l oading 
rate of the north basin should be increas e d  t o  
de termine the removals that c ould b e  acc ompli she d 
wi th even higher l oading rate s .  
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App endix B .  Paire d t - Te s t  for Comparing the Quality of the Renovate d 
Water ( 3 3 ) .  
Parame ter Compari s on _Lei_ [ d2 d s-_d_ d .  f �  
BOD South and 56 . 5  354 . 9 9 2 . 0 9  0 .  581 2 6  
North Basins 
South and 1 0 5 . 0 609 . 2 0 3 . 89 0 . 53 5  2 6  
. Middle Basins 
Suspended South and 32 . 5  21 5 . 53 1 . 20  0 . 50 1  2 6  
Solids  Nor th Basins 
South and 1 0 6 . 4  91 5 .  60 3 . 94 o . 841 2 6  
Middle Basins 
Ammonia South and 32 . 3 1 0 6 . 44 1 . 2 9  0 . 32 8  2 4  
Nitr ogen North Basins 
South and 24 . 9  48 . 9 7 0 . 99 0 . 201  24 
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Appendix C 
Infiltrati on Rate s in the Three  Te s t  Basins ( 2 5 )  
Fl o oding North Middle South 
Date (in/hr)  (in/hr) (in/hr)  
June 1 1  0 . 7 8 1 . 2 7  o . 6 8 
1 8  0 . 56 1 . 0 7 0 . 5 6 
2 5  0 . 5 7 1 . 1 1  0 . 5 5 
July 2 a . B J 1 . 2 2 o . 64 
9 0 . 8 8 1 .  J1 0 . 72 
1 6  0 . 9 7 1 . J J 0 . 7 7 
2 J  0 . 9 9 1 ._ J6 0 . 7 8 
JO  1 . 1 0  1 . J6 0 . 94 
Aug .  6 0 . 9 7 1 . J4 a . B J 
1 J  1 . 0 0  1 . 2 5  a . so 
2 0  0 . 72 1 . 0 9  0 . 62 
2 7 1 . 1 6 0 . 75 
Sep t .  J 0 . 9 6 0 .  81 
9 0 . 91 1 . 2 J  0 .  71 
1 6. 0 . 7 7 0 . 81 
2 J  0 . 60 1 . 1 1  0 . 60 
JO o . 64 
Oc t .  7 0 . 72 1 . JO 
1 4  0 . 9 5 1 . 2 8  o . 84 
2 1  o . 6 J 0 . 56 0 . 5 6 
2 8  0 . 56 
Nov . 4 o . 64 1 . 1 2  0 . 54 
1 1  
1 8  o . 64 1 . 1 0  0 . 57 
Mean 0 . 79 1 . 2 2  0 . 69 
